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Introduction
Healthy eating is one of the main pillars of the treatment and management of diabetes mellitus (DM). Dividing meals into appropriate portion sizes, eating natural foods, like fruit and vegetables, wholegrain cereals, and pulses, and reducing fat, sodium, and sugar intake help to control diabetes, maintain adequate nutritional status, and prevent complications caused by the disease 1 . Nutrition is a prominent global health issue. A number of studies in Brazil have confirmed that changes in people's eating habits over the years, marked by a fall in the consumption of traditional staples such as rice and beans and rise in the consumption of processed and ultra-processed foods such as sugary drinks, instant noodles, and cookies, have hugely contributed to the impoverishment of our diet and the increased prevalence of chronic diseases, notably Type 2 DM [2] [3] [4] . Within this context, various methods have been used to assess dietary intake in order to provide valid and reliable data, with a view to determining the association between dietary exposure and health status. Food frequency questionnaires, which indicate habitual food intake, are widely used to measure the association between the qualitative characteristics of diet and the incidence of chronic diseases 5, 6 . However, in recent years researchers have tended to simplify dietary assessment tools. Short assessment instruments are being developed to reduce administration time, facilitate understanding, and enable the identification of groups at risk of inadequate food intake 7, 8 . In this respect, the Brazilian Ministry of Health has developed paper-based and electronic care protocols that are used by primary care health professionals to assess the dietary habits and nutritional status of patients. One of these protocols is a simplified food frequency questionnaire designed to identify inadequacies in dietary intake and, in particular, provide the basis for guidance on developing healthy eating habits 9 .
As an alternative to traditional methods, the automation of dietary assessment questionnaires to an electronic format has shown itself to be a promising tool for optimizing the assessment process 10 . Factors such as streamlined access, 24-hour availability, swift processing, low cost, and easy return make electronic questionnaires a practical tool that can be used hospitals, clinics, and outpatient departments, especially when accessed via mobile devices 11 . Thus, given that dietary habits are an essential element of successful DM control and prevention, the aim of the present study was to assess dietary intake markers in diabetes patients using a mobile application.
Methods
A cross-sectional study was conducted with a sample made up of younger and older adult type 2 DM patients in treatment in a hospital in a city in the State of Rio Grande do Sul, Brazil during the period August to November, 2015.
Sample size was calculated based on a margin of error of 5% and 95% confidence interval, the number of patients treated in the hospital in the last year (31, 680) , and the diabetes prevalence rate for 2012 published in the DATASUS (11.7%) 12 , resulting in 158 patients. However, it was only possible to reach a sample of 100 patients during the study period.
The inclusion criteria were as follows: aged 18 years or over; diagnosed with type 2 DM; glycated hemoglobin (HbA1c) levels reported in the patient's medical records; being conscious and able to communicate verbally. The following individuals were excluded: women who were pregnant or breast feeding; patients admitted for more than 72 hours; patients undergoing exclusive enteral or parenteral nutritional therapy; patients admitted to the intensive care unit, recovery or emergency units; amputees or patients with a limb in a plaster cast; patients with edema or ascites; illiterate patients; and patients in palliative care.
Diabetes Food Control App
Data was collected using the Diabetes Food Control app 13 run on a tablet. The app consists of a seven-step electronic questionnaire comprising the following domains: personal details; biochemical assessment; anthropometric measurements; sociodemographic and economic data; medical and nutritional history; lifestyle; and diet.
Procedure
The questionnaire was administered via an interview conducted by the researcher, who entered the information into the app following the steps of the questionnaire. Personal information, including patient admission history, reason for admission, sex, age, and fasting blood glucose and HbA1c levels, was obtained from the patient's medical records.
Glycemic control was assessed based on the normal blood glucose threshold set by the American Diabetes Association 14 . Body weight was measured in accordance with Food and Nutrition Surveillance System (SISVAN) recommendations 15 . For bedridden patients and those unable to stand upright, measurements were estimated with the app based on equations proposed by Lee and Nieman 16 and Chumlea et al. 17 . Knee height (KH) and Arm Circumference (AC) were measured (CB) using methods described by Lee and Nieman 16 . These measurements were used to calculate Body Mass Index (BMI) and nutritional status according to the classification proposed by the World Health Organization (WHO) 18 . Waist circumference (WC) was measured using a tape measure following the method proposed by SISVAN 15 . After recording the measurement in the app, the risk of metabolic complications associated with obesity was estimated according to the classification proposed by the WHO 18 . During the next step, sociodemographic and economic data was collected, including years of schooling, marital status, place of residence, and family income.
The following items were assessed in relation to medical and nutritional history: length of time since diagnosis, whether the patient suffers from high blood pressure (HBP)/dyslipidemia, nutritional monitoring and guidance, as well as information about lifestyle related to smoking, alcohol consumption, and physical activity.
Dietary intake was assessed using the simplified food markers frequency questionnaire, a 10-item instrument proposed by SISVAN 9 that explores the frequency of consumption of healthy and unhealthy foods over the seven days prior to the interview. The recommendations of the Dietary Guidelines for the Brazilian Population (Dietary Guidelines para População Brasileira) 19 were used assess the consumption adequacy of the foods listed in the instrument. Adequate consumption was regarded as: the daily consumption of foods that are healthy diet markers (such as raw salad, pulses and cooked vegetables, fresh fruit and fruit salad, milk or yogurt) and the consumption of beans at least five times a week; the consumption of unhealthy diet markers (such as fried food, hamburgers and processed meat products, savory biscuits or packaged snacks, cookies or sweets and sugary drinks) no more than once a week.
After completing the dietary intake questionnaire, the app provided feedback to the patient regarding his performance in meeting each of the recommendations set out by the Dietary Guidelines.
Statistical analysis
The data was sent by email in a CSV file and then saved in an Excel spreadsheet. Data analysis was performed using the statistical software SSPS version 18.0. The chi-squared test was used to measure the association between adequate consumption of healthy and unhealthy diet markers and variables investigated by the study adopting a 5% significance level.
Ethical aspects
The study was conducted in accordance with Resolution 466/2012 and was approved by the hospital's Research and Postgraduate Committee and by the Ethics Committee. All participants received information about the study objectives and research procedures and signed an informed consent form.
Results
A total of 100 patients diagnosed with type 2 DM were assessed, 57% of whom had been admitted to hospital for heart treatment (data not shown). Table 1 shows the main characteristics of the patients. The majority of the sample were male (51%) and 83% were elderly. Average age was 67.14 ± 8.78 years. Almost half the sample had up to four years of schooling (47%) and 60% were married. The majority of the participants lived in urban areas (83%) and 71% had a family income of less than four minimum salaries (MS).
The average length of time since diagnosis was 9.5 years, ranging between 0.6 and 40 years (data not shown). The prevalence of HBP and dyslipidemia among the sample was 75% and 36%, respectively. With respect to diet, 72% reported that they had received nutritional guidance. Of this group, 42% cited that the source of this guidance was a doctor. Eighty-two percent of the participants were not undergoing nutritional monitoring.
With regard to lifestyle, 57% were ex-smokers, 73% did not drink, and 77% did not practice any type of physical activity.
With respect to nutritional status, 37% of the respondents were overweight and 44% were obese. With regard to CC, 77% of the participants were at a high risk of developing metabolic complications associated with obesity. Average HbA1c and fasting blood glucose levels were 8.38 ± 2.17% and 154.28 ± 67.93mg/dL, respectively, indicating unsatisfactory glycemic control based on these markers in 50% and 68% of the patients, respectively ( Table 2) .
With regard to healthy diet markers, over half of patients reported that they consumed milk or yogurt, fresh fruit, and raw salad on a daily basis (71%, 70%, and 56%, respectively), while 68% ate beans at least five times a week. The least consumed healthy diet markers were pulses and cooked vegetables (22.0%). The frequency of consumption of unhealthy diet markers (savory biscuits, hamburgers and processed meat products, cookies and sweets, sugary drinks and fried food) was above the ideal in 67%, 53%, 43%, 32%, and 18% of respondents, respectively (Table 3).
The analysis of the association between adequate consumption of healthy diet markers and unhealthy diet markers and sociodemographic and economic variables showed that adequate consumption of fruit was greatest in females and that adequate consumption of cookies and sweets was greatest among patients whose family income was less than four MSs. No significant association was found between the other variables, as shown in Table 4 .
The analysis of the association between adequate consumption of healthy and unhealthy diet markers and the variables in the domains medical and nutritional history, lifestyle, and biochemical assessment showed that adequate consumption of sugary drinks was greatest in patients who did not have HBP, while adequate consumption of milk or yogurt was greatest in individuals who were not overweight. No significant association was found between the other variables, as shown in Table 5 .
Discussion
The lifestyle profile of the participants of the present study was similar to that found in studies conducted with diabetes patients in the south of the country 20, 21 . The findings in relation to smoking cessation among the study participants are particularly interesting, because they show that this facet of self-care is being incorporated into the treatment of diabetes. However, physical activity should be encouraged in this group given its many benefits, including improved nutritional status, insulin sensitivity, and glucose tolerance, which favors glycemic control 14 . Despite the fact that overweight and obesity are important predictors of morbidity and mortality among both the general population and people who have diabetes, the data regarding BMI reveals that the prevalence of these conditions is particularly high among the study participants (81%). It is important to note, however, that these findings differ from those reported by Lisbôa et al. 22 . Furthermore, based on the WC data, the majority of the group (93%) were at high or very high risk of metabolic complications associated with obesity, corroborating the findings of Supp 23 . The participants did not meet the glycemic control targets set by the Brazilian Diabetes Society. Blood glucose and HbA1c levels were above the recommended levels, which is in line with the findings of Sampaio et al. 24 (154.28 ± 67.93mg/dl and 8.38 ± 2.17% versus 160.5 ± 62.8mg/dl and 8.5 ± 1.90%, respectively). These findings indicate that it is necessary to improve glycemic control among this group, given that chronic hyperglycemia triggers a series of long-term complications 25 . With respect to adequate consumption of healthy diet markers listed in the Dietary Guidelines, the findings show that frequency of consumption was greatest for milk and yogurt, fresh fruit, and beans and raw salad, drawing attention to the low daily consumption of pulses and cooked vegetables, foods which are essential parts of a balanced diet. These results contrast with the findings of a study conducted by Tiew et al. 26 with patients in a hospital in Sepang, Malaysia, but are similar to the findings of a study undertaken by Destri 27 . In Brazil, VIGITEL data for 2014 4 reveal that 44.1% of the population eat fruit and vegetables on a regular basis and that only 29.4% of these people eat at least five portions of these foods per day, as recommended by the Dietary Guidelines. However, the VIGITEL also found that a relatively large proportion of Brazilians consume beans and milk on a regular basis (63% and 48.8%, respectively). These rates are less than those found by the present study for these markers, which can be deemed satisfactory for the patients assessed by this study.
With regard to the consumption of unhealthy diet markers, adequate consumption was greatest for fried foods, sugary drinks, and sweet foods. These findings contrast with those reported by Kobayashi et al. 28 and Lima et al. 29 , who showed that the diet of participants was inadequate due to the excessive consumption of these markers. Limiting the consumption of sweets and fried foods is the main recommendation given by health professionals to diabetes patients given that there is a direct relation between the consumption of these foods and high blood glucose and lipid levels.
Bleich and Wang 30 showed that 45% of respondents consumed sugary drinks on a daily basis, while Lima et al. 29 reported that 40% of diabetes patients consumed soft drinks and artificial juice drinks. These results differ from the findings of the present study, which show that only 13% of respondents consumed these items on a daily basis. These differences may be due to the use of different dietary assessment methods. Furthermore, given the number of patients with comorbidities and the high average length time since diagnosis, the group is probably more interested in diet and adopting healthy behaviors.
Despite adequate consumption of unhealthy diet markers, it is worth mentioning that the intake of cookies, sweets, sugary drinks, and fried food is still common among the respondents and that over half of the patients eat savory biscuits Table 4 . Adequate consumption of healthy and unhealthy diet markers across sociodemographic and economic variables. Passo Fundo, Brazil, 2015 (n = 100). and hamburgers and processed meat products more than once a week. Industrialized foods, which are high in simple sugars and additives, often contain saturated fat and excess salt and are reduced into complex carbohydrates. This pattern is strongly associated with the development of chronic noncommunicable diseases and obesity and should be discouraged, particularly in people with chronic disease 31 . The analysis of the association between adequate consumption of healthy diet markers and sociodemographic variables showed that adequate consumption of fruit is greater among women than in men, which is similar to the findings of the most recent VIGITEL 4 . Other studies with diabetes patients have also reported gender differences in the adequate consumption of fruit, indicating that women are more concerned with diet and health than men 27, 32 . With respect to anthropometric measurements, adequate consumption of milk or yogurt was greater in individuals who where not overweight or obese based on BMI. This finding is particularly pertinent because some studies have shown that adequate consumption of dairy products, especially low-fat food items, is inversely associated with increased blood glucose, insulin, and blood pressure levels and excess body weight 33, 34 . With respect to adequate consumption of unhealthy diet markers, the results show that adequate consumption of cookies or sweets was greater among individuals with a family income of less than four MSs, corroborating the findings of a study with diabetes patients conducted by Iop et al. 32 that observed a positive relationship between the consumption of cookies and cakes and income, demonstrating that the greater the income the greater the consumption of these foods. These findings show that a better quality diet is possible even among people with more modest incomes 35 . Adequate consumption of sugary drinks (no more than once a week) was greatest among patients who did not have HBP. A systematic review and meta-analysis based on data from prospective cohort studies showed that a high level of consumption of sugary or artificially sweetened drinks was associated with a significant increase in the risk of developing HPB 36 . Reducing the consumption of sugar and sodium-rich foods is widely recommended among diabetes patients due to their harmful effects 1 . Thus, this finding is positive and may be the result of the effects diabetes has on health and fear of developing other diseases, obliging diabetes patients to make more appropriate and healthier choices.
Conclusions
The findings of this study show that the majority of participants showed adequate consumption of healthy and unhealthy diet markers based on the consumption frequency recommended by the Ministry of Health. However, based on the anthropometric measurements and results of the biochemical assessment, the fact that blood glucose and HbA1c levels were particularly high among this group is worrying.
The app was shown to be an adequate tool for the collection of information on the dietary habits assessed by this study, given that it is quick and easy to use and dispenses with the need for long and complex paper questionnaires. Furthermore, it enabled process automation, with the assessments being directly transmitted to a database, thus minimizing time and chances of protocol entry errors and resulting in greater accuracy. The app offers a further advantage over paper-based assessment in the form of immediate patient feedback on his/her nutritional status and food consumption adequacy.
Given the findings and the fact that nutritional therapy is one of the pillars of diabetes treatment, this study concludes that it is necessary to reinforce nutritional guidance and explain to patients the importance of making positive changes to unhealthy eating habits to help control their diabetes. Encouraging patients to adopt a balanced diet and regular physical activity can help improve nutritional status and metabolic control in these patients, as well as reducing acute and chronic complications associated with the disease.
It is also suggested that future research should conduct qualitative and quantitative assessments of dietary intake in outpatients, with a view to enabling health professionals to develop nutrition interventions tailored to promote more desirable behaviors in nutrition, contributing to improved health and quality of life among this population group.
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